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Introduction 
 
Over the past four months, the American based non-profit, NGO Breaking Ground has 

engaged with the municipality’s office of Technical Services, in cooperation with the district 
office of the Ministry of Health and the University of Dschang to identify outstanding issues 
relating to impaired drinking water quality and its effect on public health.  This report 
represents the cumulative result of our findings concerning the extent and health implications 
of existing contamination and a proposal for the sustainable provision of universal access to 
potable water for the population of greater urban Dschang.   
 

0.1 Geographic context 
 
The city of Dschang in the Dschang Arrondissement is the seat of the Menoua Department 

in the Western Province, Cameroon.  The Dschang arrondissement1, with a territory of 330 
square kilometers is comprised of five major chefferies; Foreké Dschang, Foto, Fongo 
Ndeng, Fotetsa and Fossonwentcheng for a combined territory of 330 square kilometers.  The 
population of the Dschang arrondissement is estimated at 122,000 individuals2.  A majority 
of approximately 87,800 persons, representing 70% of the population, reside within 20% of 
the territory: the 60 square kilometers comprising Dschang's greater urban perimeter, in a 
revealing example of Dschang’s increased urbanization (see Table 1).   

 
Year Urban Population Growth rate (%) 

1987 35 717 6.5 
1990 40 700 5.2 
1995 50 598 5.2 
2000 62 904 4.7 
2005 78 202 4.7 
2010 97 221 4.7 

  
 Table 1: Evolution of the population of greater urban Dschang (based on data furnished by la Direction 

de la Statistique et de la Comptabilité Nationale in November, 1999) 
 

Dschang is situated in a humid climate with average annual rainfall of 120 to 180 cm,3 
providing an abundance of available water in the form of surface and ground water 
reservoirs, suggesting that water supply availability should not be at issue for this population.  
In reality, though presented with ample water resources the people of Dschang are facing 
pressing needs in terms of inadequate and insufficient access to potable water supplies with a 
corresponding health crisis in the elevated incidence of water borne disease.     

                                                 
1 Administrative boundaries are according to the revisions of 2008, with the incorporation of Fongo Tongo as a 
separate arrondissement. 
2 Population statistics are based on data furnished by la Direction de la Statistique et de la Comptabilité 
Nationale adjusted for growth by the District office of the Ministry of Health.  
3 Guemuh, G.N. (2003). Quality of domestic water supply and effectiveness of some locally used treatment 
methods. Masters Thesis submitted to the Department of Agricultural Engineering, University of Dschang. 
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Figure 1: Geopolitical localization of the city of Dschang  

0.2 Political Organization 
 

The government of Dschang is partitioned between national, municipal and traditional 
bodies.  The national representatives at Dschang include the Prefect  of the Menoua 
department and Sub-Prefect of the Dschang arrrondissement.  Department and 
arrondissement representatives of the various national ministries are also present at Dschang. 
While these national figures, appointed by presidential decree, are active in roles of 
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supervision, the practical administration of local matters is primarily overseen by the 
democratically elected office of the mayor and the subordinate municipal offices of technical 
services, hygiene and public health, and urban planification.  The jurisdiction of the mayor’s 
office extends across all of the five chefferies comprising the Commune of Dschang.  

 
The mayors office is most directly responsible for the financing of public works projects as 

well as cultural and community development.  Ancillary to the role of the national and 
municipal bodies is the traditional, chefferie system, a system most active outside of the more 
urbanized chefferies of Foto and Foreké.  A hereditary chief (chef) resides at the head of each 
of the five chefferies.  The chiefs receive a national stipend (in addition to profits from royal 
holdings and undocumented contributions), which is spent according to their discretion.  In 
this way the investment by the chefferies in public works is highly variable.  The traditional 
chefferie system extends on a more informal basis to the level of neighborhoods or quartiers, 
with each quartier having its own traditional leader (chef du quartier).  

 

 
Figure 2: Neighborhood (quartier) boundaries and residential zones (adapted from Dschang-ERA study) 
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0.3 Social context 
 

The urban population of Dschang includes an itinerant student population of 12,000 in 
addition to approximately 9,000 households with an average of 8 inhabitants per household.  
Communities are divided along 40 loosely defined neighborhoods (les quartiers), which can 
in turn be grouped into three economic tiers based primarily on income, while the average 
income of a Dschang household ranges between 25,000 and 40,000 cfa per month ($50-80; 
€39-62.50).  The educational level of household heads is summarized in  

Table 2, while Table 3 depicts the distribution of household income. 
 

Education level of 
household heads 

Households 
responding 

% 

No formal schooling 3 1,35 
Primary/elementary 54 24,43 

Secondary/high school 112 50,67 
Collegiate/professional 52 23,52 

Total 221 100 
 

Table 2: Distribution of household heads according to their level of education (Data provided by the city 
of Dschang – ERA joint study)    

 
Monthly income of 

household heads (cfa) 
Households 
reporting % 

0 - 50 000 53 31.73 
50 000 – 100 000 55 32.93 
100 000 - 200 000 51 30.53 

> 200 000 8 4.79 
Total  100 

Table 3: Distribution of monthly income (cfa/month) for household heads (Data provided by the city of 
Dschang – ERA joint study) 

 
Population densification within the urban zone has worked in concert with insufficient 

community organization and educational gaps concerning sanitation and waste management 
to permit extensive contamination of public drinking water reservoirs.  In addition, a lack of 
sensitization regarding the water quality criteria used to designate a drinking water source as 
potable and the necessity of treating drinking water supplies in the home have resulted in the 
increased ingestion of contaminated water by the populace under circumstances where such 
waters could effectively and economically be rendered fit for human consumption. 

 

0.4 Addressing water needs 
 
Since 2003 the municipal government of Dschang has been devoting considerable resources 

towards the development of the water supply and waste management infrastructure at 
Dschang in partnership with a variety of domestic and foreign non-profits.  This municipal 
initiative has endured through two administrations and two generations of diagnostic study 
and constructive innovation spearhead by the Cameroonian nongovernmental organization 
(NGO) Environment Research Action (ERA) in 2003, and a collaboration of l’Association 
Internationale des Mairies Francophone (AIMF) and the city of Nantes, France in 2005. 
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The recent most generation of municipal development in urban Dschang’s public water 

supply sector has been primarily concerned with the expansion of the capacity to deliver 
adequate quantities of water to a needy population, while the issue of water quality has been 
largely left for the individual to address.  However, existing data on trends in public water use 
and perceptions of water quality reveal a distressingly low prevalence of home-based 
treatment by the individual.   In addition, where treatment solutions are employed by the 
individual, the elevated level of contamination in the original public water supply often 
surpasses the effective capacity of the treatment options available. 

0.5 Document structure 
 
 Chapter 1 of this report presents a review of Dschang’s existing drinking water supply as 

well as an analysis of the extent of contamination and consequent health effects.  In addition, 
the issues of poor public perception and inadequate local capacity for sustainable 
management of water supply infrastructure are introduced as the primary obstacles impeding 
the effective redress of Dschang’s water-related difficulties.   

 
In Chapter 2 a set of solutions are proposed and their health effect evaluated.  The strategy 

is based on the expanded use of slow sand filter technology for the remediation of impaired 
drinking water quality, the exploitation of Dschang’s system of primary education towards 
the sensitization of the population on pertinent issues regarding water quality and health, and 
the utilization and reinforcement of an emerging network of local management bodies for the 
sustainable management and upkeep of public water and waste services. 

 
Chapter 3 details multiple variations on a program of implementation and surveillance, 

towards the amelioration of Dschang’s water related public health burden, including specific 
contributions from any and all vested actors. 
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Chapter 1 

Part I: Existing water resources 
 

 
Figure 3: Map of drinking water access points 

 

1.1 Supply 
 
Regarding water sources that could be used for drinking supply in the region of greater 

urban Dschang there are over 3,000 discrete access points public and private plus additional 
sources such as bottled, river and rain water.  An analysis of the potability of available 
drinking water has been synthesized from a body of over 200 microbial analyses describing 
98 drinking water access points collected by four different studies4 over the past six years. 

                                                 
4 Analyses were collected as part of this study and combined with results published in the following sources: 
     Da Costa, A. (2004). L’approvisionnement en eau potable des populations de la ville de Dschang. Masters 
Thesis submitted to the Department of Geography, University of Bordeaux III. 
Guemuh, G.N. (2003). Quality of domestic water supply and effectiveness of some locally used treatment 
methods. Masters Thesis submitted to the Department of Agricultural Engineering, University of Dschang. 
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1.1.2 Resource categories 
 
These sources can be divided into nine distinct categories: unmanaged springs, treated tap 

water, managed springs, public wells, private wells, bottled water, rainwater, untreated tap 
water, and surface water. 

 
Public wells include cased and uncased hand dug wells (les puits) as well as boreholes/tube 

wells (les forages) supplying populations in excess of 3 households (approximately 24 
persons), and may be equipped with hand pumps or bucket systems for drawing water.   

 
Private wells are primarily hand dug and rarely cased, and may furnish drinking water for 

up to three households.  
 
 Managed springs is a category that comprises all constructed ground water capture 

systems, many of which incorporate slow sand filtration and piped delivery to public stand 
posts (les bonnes fountains).   

 
Unmanaged springs include natural flowing springs and small hillside stream banks which 

may or may not have modest improvements such as cemented discharge points and outlet 
pipes.   

 
The surface water category includes larger rivers and streams.   
 
Treated tap water is defined as pipe borne water furnishing individual subscribers that has 

been subjected to physical and chemical treatment processes including flocculation, filtration 
and chlorination. 

 
Untreated tap water refers to untreated pipe borne water furnishing individual subscribers. 

1.1.3 Active suppliers  
 
The water resources available to Dschang residents beyond the naturally available (meaning 

unmanaged springs, rain and surface water) are supplied by a combination of public and 
private endeavors.  The Societé Nationale des Eaux Camerounais (SNEC), the city of 
Dschang, and the cooperative enterprise or Groupe d'Initiative Commune (GIC) des Foreurs 
Polyvalents de la Menoua (FOPOME) and the Danish built but locally managed SCAN 
Water network are the primary actors supplying water to populations beyond the household 
level 

 

1.1.3.1 SNEC 
 
A traditional network of piped, chlorinated drinking water supplying approximately 2,300 

subscribers is maintained by the newly privatized SNEC Corporation.  Water is drawn from 

                                                                                                                                                        
     Ndounla, J. (2007). Caracteristiques biologiques et physico-chimiques de l’eau de consommation et 
influence du mode d’approvisionnement sur la sante des populations a Dschang.  Masters Thesis submitted to 
the Department of Animal Biology, University of Dschang. 
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two local rivers and submitted to a rigorous treatment process before being sent out to 
subscribers along a network of cast iron pipes.  With each subscriber providing drinking 
water to an estimated 10 individuals, the total population served is estimated at 23,000 (see 

Table 8).  Access to the SNEC distribution system is limited to the central most urban areas 
by the extent of the distribution network, but approximately 50,000 individuals are estimated 
as living within 500 meter of the network (Figure 4). 

 

 
Figure 4:  Extent of the SNEC piped distribution network (adapted from the Dschang-ERA study and Da 

Costa, 2004) 
 
The water distributed by SNEC originates from two separate pumping and treatment 

stations drawing water from two separate rivers.  The Toula pumping station draws water 
from the Mbindoung River.  This raw river water undergoes treatment amounting to a contact 
time (CT) of 5,000 mg Chlorine per liter per minute (see Table 4) before being delivered to 
the distribution network at an average rate of 40 m3 per hour.  The Toulepé treatment station 
captures water from the Lepé River, which is then submitted to a CT of 55 mg Chlorine per 
liter per minute and discharged at a rate of 24 m3 per hour.  While the Toulepé treatment 
appears less adequate, the treated water combines in the distribution network with water 
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originating at Toula producing a residual Chlorine concentration of 0.3 mg per l as 
recommended by the World Health Organization (WHO)5. 

 
Contact Time (CT 

= mg Cl l -1 min -1) Germ 

0.28 E. Coli a 

3.3 Heterotrophic bacteria a 

14 Giardia cysts b 

Table 4: Chlorine contact times for 99% (log 1) removal at 25°C and pH 7 ( a from LeChevallier and Au, 
2004; b from Clasen and Haller, 2008)6 

1.1.3.2 Private piped networks 
 

A network of untreated drinking water originating from privately operated tube wells is 
piped by the GIC FOPOME to approximately 78 households and a public high school, the 
Lyceé Technique.   

 
The SCAN water network is a moderately functional distribution network built in 1983 by a 

cooperative effort between Denmark and Cameroon.  The network was abandoned in 1988 
but refurbished in 1996.  The network is currently comprised of 124 subscribers with 76 
functioning branches.  These are divided amongst two principal zones: Zone 1 (Tsimbing and 
Toula quartiers) with 66 subscribed, 36 functioning distribution points; and Zone 2 (Keleng 
and Yangem quartiers) with 58 subscribers and 40 functioning outlets. 

 
While the original SCAN water distribution system incorporated at simple system of 

physical and chemical treatment, the current state of disrepair has left the treatment process 
neglected.  

 

1.1.3.3 Dschang Municipality 
 
The city of Dschang is responsible for the recent construction or refurbishment of 55 

drinking water access points (a combination of public wells and managed springs), 36 of 
which reside within the greater urban perimeter.  The various projects and their associated 
access points are summarized in  

Table 5. 

                                                 
5 Bartram, J.; J. Cotruvo, M. Exner, C. Fricker, and A. Glasmacher, eds. Heterotrophic Plate Counts and 
Drinking-water Safety: The Significance of HPCs for Water Quality and Human Health. (2003). World Health 
Organization, London.  Chapter 11. 
6 Calsen, T. F. and L. Haller (2008).  Water quality interventions to prevent diarrhea: Cost and cost-
effectiveness. World Health Organization, Public health and the environment: Geneva 
   LeChevallier , M. W. and K. Au (2004).Water treatment and pathogen control: Process efficiency in 
achieving safe drinking water.  World Health Organization, IWA: London. 
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Public tube wells Source name/location Access point s 

 Fotetsaa 1 

 Ndenkop-planned constructiona 1 
 Aza'a 1 

 Bankia 1 

 Keuli-planned constructiona 1 
 Keleng 1 
 Signal 1 

Public hand dug wells    
 Siteu 1 
 Tsinkop 1 
 Haoussa-under construction 1 
 Melang 1 
 Femla (aka Zebda) 1 
 Fiankop 1 

Managed sources     
with filtration Atchouazong 2 

  Keleng 6 
  Busy Home 3 
  Ngui 8 
  Tchouale 3 

  Fongo Ndenga 11 

  Fossonwentchenga 2 
without filtration Valeé 2 

  Lefock 1 
  Madagascar 2 

 
Table 5: Drinking water supply managed by the city of Dschang ( a indicates supply located outside the 

area of greater urban Dschang) 
 
Based on rough estimates of the Banki and Aza’a aquifers’ output from bucket tests, the 

public well output calculates to approximately 16,000 liters per day per well, for a total 
possible output of 192,000 liters.  The managed sources with filtration are generally operated 
for 5 hours each day, providing each access point with 3,000 liters per day for a total 
availability of 63,000 liters daily for the region of greater urban Dschang.  Unfiltered sources 
run continuously at approximate rates of 20 liters per minute for a maximum exploitable 
output of 60,000 liters per day.   

1.1.3.4 Small scale suppliers 
 

A small number (between 6 and 12) of drinking water sources accessible to the public are 
maintained by a variety of lesser actors that include private donors, households, schools, and 
the national government.  These include a managed spring capture system with 6 stand posts 
supplying the neighborhood of Balefang, the Gendarmerie spring used by the local military 
base and a collection of charitably donated wells. A significant number (estimated between 
50 and 60) of unmanaged and unsupervised natural springs and small brooks also furnish a 
considerable proportion of Dschang’s drinking water.   

 
At the level of individual households, approximately 2,200 private wells, scattered rain 

collection systems and bottled water are selectively relied upon. 
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1.1.4 Drinking water quality 
 

While this surfeit of available drinking water sources addresses the population’s needs in 
terms of water quantity, the quality of these supplies reveals endemic contamination at levels 
dangerous to public health. 

1.1.4.1 Contamination indicators 
 
The acceptability of Dschang's available water supply for personal consumption has been 

assed according to measured and interpreted concentrations of microbes related to fecal 
contamination.  Theses microbes include bacteria of the colifrom group, as well as the E. 
Coli, Enterococci and Salmonella species.  The presence of these species applies to the 
verification of fecal contamination and identification of specific health threats posed.  
However, for the purposes of assessing relative water quality in Dschang against a uniform 
standard, the total coliform group has been adopted as the primary indicator of 
contamination. 

 
Concerning permissible levels of total coliforms, the WHO as well as the majority of 

national agencies in developed countries recommend their complete absence from drinking 
water7.  Where this is not a practical possibility, as is the case with many rural water supply 
systems and much of the developing world, a maximum recommended level of 10 colony 
forming units (cfu) per 100 ml of drinking water has been adopted.   

1.1.4.2 Microbiological results 
 
Microbiological analysis of a select group of 25 representative sources comprising 52 
drinking water access points reveals that only 31% fall within or below the maximum 
acceptable level of contamination ( 
Figure 5).  Of those sources exhibiting unacceptable levels of contamination, 3% are 
classified by the WHO as being unsuitable for drinking purposes irregardless of treatment 
options8.   

 
Examining the distribution of contamination across supply categories and within systems 

reveals a number of interesting characteristics (Figure 6).  Treated tap water (SNEC) remains 
the only single supply category to exhibit a uniform acceptability of those tested, though 
rainwater and bottled water are safely assumed to be free of fecal contamination.  Of the 
wells analyzed, public and private hand dug wells show consistent contamination while tube 
wells show a greater tendency towards acceptable levels (71% uncontaminated).  An 
assessment of the Keleng source and its gravity fed system of stand posts (bonne fountains- 
bf# 1 through 6) reveals the effects of a comprised distribution system.  In the case of the 
Keleng network a pipe break can be inferred as occurring between fourth access point bf#4 
and the terminal stand post bf#6, explaining the extreme levels of contamination observed at 
this final point.     

 

                                                 
7 WHO (2003). Assessing microbial quality of drinking water: Improving approaches and methods. World 
Health Organization, London.  
8 WHO (2003). Assessing microbial quality of drinking water: Improving approaches and methods. World 
Health Organization, London.  
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Figure 5: Distribution of fecal contamination among select analyses from fall 2008 
 

For those drinking water sources undergoing distribution end treatment,  
Table 6 details the coliform levels of a selection of these sources both before and after 
treatment.   Only SNEC drinking water achieves 100% removal as only SNEC employs both 
physical and chemical treatment procedures.  However, the slow sand filters currently 
employed at the majority of the municipal spring capture systems function with a significant 
efficiency of between 38 and 100% with an average removal rate of 82% ( 
Table 6). 

 

Date Supply Network  Component Detail Total coliforms 
Net removal 

efficiency 
16-sept SNEC Toula-raw River water 4900  
16-sept SNEC Toula-treated Piped output 0 100% 
16-sept SNEC Toulepe-raw Piped input 2800  
16-sept SNEC Toulepe-treated Holding reservoir 0 100% 

      
19-sept Tchouale Raw source Adjacent stream 5900   
19-sept Tchouale Stand post bf #2    800 86% 

      
05-oct Tchouale Source fountain Stream bank filtration 400   
05-oct Tchouale Stand post bf #3  Final access point 250 38% 

            
21-sept Ngui Raw source Capture overflow 4600   
05-oct Ngui Settling tank Prefiltration 1400 70% 
05-oct Ngui Stand post bf #1  Initial access point 700 85% 

      
05-oct Atchouanzong Prefilter Turbid inflow 7900   
05-oct Atchouanzong Stand post bf #1  Initial access point 300 96% 

      
   Average removal efficiency  82% 

 
Table 6: Treatment efficacy in terms of coliform removal rates for a sample of public water sources 
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1.1.4.3 Health risks 
 

The observed species as well as those inferred from fecal contamination include members of 
the Bacteria, Protozoa, Nematode and Helminthes groups.  Each of these groups contains 
numerous pathogenic species and parasites.  Table 7 lists those posing the most probable 
health risk for Dschang and their associated diseases/ clinical symptoms. 

 
Bacterial zoonoses Specific germ Disease/symptoms 

 Salmonella Typhoid fever, Salmonellosis 
 Shigella Shigellosis, bacillary dysentery, diarrhea 
 Escherichia (E.) Coli Gastroenteritis, hemorrhagic colitis, bacillary dysentery 
 Campylobacter Campylobacteriosis, gastroenteritis 

Parasitic zoonoses   
Protozoa Entamoeba histolytica Amoebic dysentery, amoebiasis 

 
Cryptosporidium 

parvum Cryptosporidiosis, cramps, diarrhea 
 Giardia lambia Giardiasis, chronic diarrhea 
   

Nematodes/ Helminthes  Ascarsis lumbricoides Ascarsiosis, lung damage, intestinal symptoms 
(worms) Anclyostoma duodenale Ankylostomiasis, intestinal symptoms 

 Trichuris Trichuriasis 
 Strongyloides Strongyloidiasis, severe diarrhea 

Table 7: Probable fecal-derived pathogens present in the Dschang water supply and associated health 
risks
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Figure 6: Contamination levels grouped by source category and implications for treatment requirements and drinking water acceptability
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1.2 Consumption 
 
With an average consumption rate of 1.25 liters per day per individual, the drinking water 

needs of greater urban Dschang amount to 104,805 liters daily, far less then the estimate of 
total usable managed output (anywhere from 500,000 liters daily upwards).  A portion of this 
excess would be expected to go towards household water use not related to personal 
consumption. 

1.2.1 Use patterns 
 

User consumption can be partitioned amongst the 9 supply categories according to Table 8.  
 

Source Type 

Average 
contamination 

(Total Coliform 
colonies/100 ml ) 

Number of 
consumers 

Population % 

Unmanaged springs 1,111 31,800 38% 
Treated tap water 206 23,000 23% 
Managed springs 1,785 16,078 19% 

Public wells  1,311 8,906 11% 
Private wells 3,983 4,180 5% 

Bottled / rainwater 0 2,000 2% 
Untreated tap water 3,850 1,480 2% 

Surface water 0 400 0.5% 
    

Total population  87,844 100% 
 

Table 8: Water supply distribution in Dschang (a synthesis of observations, surveys conducted by the city 
of Dschang – ERA, and published materials9)  

  
Summarizing the above table reveals the predominate reliance of the population on 

unmanaged and generally polluted source water.  The categories of public wells and managed 
springs falling within the purview of the Dschang municipality reveal the extensive scope 
(approximately 30% of all consumption) of the city’s role in supplying residents with 
drinking water.  Following close behind comes the second largest single actor, SNEC with 
23% if total consumption, a significant but largely inadequate figure considering SNEC’s 
position as the sole provider of uniformly uncontaminated drinking water.   

 
With only 5% of the population utilizing the 2,200 estimated private dug wells, the single 

most abundant category, the selection of public wells and managed springs maintained 
primarily by the city of Dschang are clearly overburdened, with each access point furnishing 
drinking water to as many as 700 individuals daily, though on average the numbers for most 

                                                 
9 Guemuh, G.N. (2003). Quality of domestic water supply and effectiveness of some locally used treatment 
methods. Masters Thesis submitted to the Department of Agricultural Engineering, University of Dschang. 
    Katte, V., M.F. Fonteh, G.N. Guemeh (2005).  Effectiveness of home water treatment methods in Dschang, 
Cameroon. Cameroon Journal of Experimental Biology. vol. 1, no. 2, pp. 102-106. 
    Ndounla, J. (2007). Caracteristiques biologiques et physico-chimiques de l’eau de consommation et influence 
du mode d’approvisionnement sur la sante des populations a Dschang.  Masters Thesis submitted to the 
Department of Animal Biology, University of Dschang.  
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sources would be closer to the Cameroonian Ministry of Water and Energy (Ministrie d’Eau 
et Energie - MEE) estimate of 300 persons per access point. 
 

1.2.1.1 Water collection 
 

The youngest family members will typically make 1 to 3 trips daily, drawing water in 5 to 
15 liter allotments (depending on distance and carrying capacity).  In this way, a single child 
carrying a 10 liter container is able to satisfy the drinking water needs of an entire family of 8 
with a single daily trip. Where convenience permits, consumption will increase as public 
water supply is used for household activities.  

 

1.2.1.2 Water treatment 
 
Given the extensive contamination of available water supplies and the health risks posed, the 
health impacts are going to be largely dependent on the methods and prevalence of home 
treatment.  A limited survey conducted on 148 households by the ERA-Dschang group 
revealed that only 43% of reporting households subject their drinking water to home based 
physical or chemical treatment.  Of the treatment methods most commonly employed (Figure 
7), their weighted effectiveness amounts to a pathogen removal rate of 92%; inadequate for 
the levels of contamination observed in one half of the sources analyzed ( 
Figure 5). 
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Figure 7: Effectiveness and frequency of use for the primary home based water treatment procedures 

employed by Dschang residents10 

                                                 
10 Data taken from: Katte, V., M.F. Fonteh, G.N. Guemeh, (2005).  Effectiveness of home water treatment 
methods in Dschang, Cameroon. Cameroon Journal of Experimental Biology. vol. 1, no. 2, pp. 102-106. 
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1.2.2 Health impacts 

1.2.2.1 Reported statistics  
 
The health burden for the entire Dschang health district (l’Air de Sante de Dschang)due to 

water-born disease as assessed from statistics compiled by the Dschang District Health office 
amounts to an estimated one fifth of all disease (Table 9).  However, closer examination of 
the origin of these statistics suggests the necessity of additional upwards adjustment.  
Foremost, the statistics in Table 9 refer to the entire Dschang arrondissement, of which the 
region of greater urban Dschang accounts for a single, though majority, fraction.  In addition, 
the statistics compiled by the District Health office come only from officially sanctioned 
health centers, raising uncertainty regarding unreported treated illness, as well as untreated 
illness.       

 
Disease/Diagnosis 0-11 Mnths 1-4 Yrs 5+ Yrs Preg. Wom. TOTAL %  

Malaria 573 2,010 6,477 268 9,328 43.2% 
Bronchitis/ Pulmonary 
infection 351 498 938 28 1,815 8.4% 
Helminthiasis/ 
parasites 62 464 966 72 1,564 7.2% 
Typhoid Fever/ 
Salmonellosis   75 1,198 20 1,293 6.0% 

AIDS / HIV 2 10 1,138 87 1,237 5.7% 

Rheumatism/Arthritis   2 697 1 700 3.2% 
Diarrhea/ 
Gastroenteritis 190 204 282 1 677 3.1% 

Wounds 10 68 558 3 639 3.0% 

Rash 55 194 382 7 638 3.0% 

Ulcers/Gastralogy   2 556 12 570 2.6% 

Arterial hyper tension   2 491 6 499 2.3% 

Amoebic Dysentery 15 56 305 4 380 1.8% 

Diabetes     258   258 1.2% 

Angine/Amygdalite 2 39 119 3 163 0.8% 

Intestinal fungus 14 22 111   147 0.7% 

Conjunctivitis 20 30 79 1 130 0.6% 

Ear infection 6 43 75 2 126 0.6% 

Abscess 5 19 93 1 118 0.5% 

Trauma/Wound 4 8 77 10 99 0.5% 

Grippe 10 24 58 2 94 0.4% 

Miscellaneous 80 182 751 85 1,098 5.1% 

TOTAL  1,399 3,952 15,609 613 21,573 100.0% 

       

TOTAL water-borne 267 799 2751 97 4,061 18.8% 
Table 9: Summary of sickness for the Dschang Health District 2007 (Data collected by the Dschang 

Health District of the Western Provincial Delegation of the Ministry of Public Health) 
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1.2.2.2 Unreported illness 
 

The official clinics and hospitals of urban Dschang included in the above statistics number 15 
and account for an average monthly combined patient load of 3,235 (Table 10).  In addition 
to these 15 sanctioned centers, there are 11 private health clinics located in the down town 
district and an average of one informal clinic in each of the 20 peripheral quartiers (Figure 
8).  Each of these clinics can be expected to see an average monthly patient load of 30, plus 
one major clinic (Bon Secours, Ngui) with 60 patients per month, increasing the net monthly 
patient load to 4,330.  The average distribution of water borne disease calculated from the 
reporting centers can be applied to these non-reporting centers to generate a more accurate 
portrayal of the incidence of disease in Dschang (Table 12). 
 

AIRES  DE SANTE HEALTH CENTER  PATIENT LOAD 
POPULATION  
(patient fraction)  

  CMA NKONG-NI 91±40   

  CSI MEBOU 35±4 26,646 

BALEVENG CSI BANZA 20±19 (1.0%) 

  CSI ST KISITO 123±41   

  CSI DOUMBOUO 46±48   

DOUMBOUO CSI AD LUCEM DOUMBOUO 42±9 20,920 

  CSPri SAA'A 23±7 (0.6%) 

  CSPr BATSINGLA 21±6   

FIALA FOREKE HOP DE DISTRICT 653±79   

  HOP AD LUCEM NGUI 188±59 32,480 

  CSP ST VICTOR 43±5 (2.8%) 

  Cabinet de soins Kaala 11±7   

  CMA FOKOUE 21±8   

FOKOUE CSI FOTOMENA 25±4 10,198 

  CSI COLOMBE 40±16 (0.9%) 

  CSI BON SECOURS 4±7   

  CSI FOMETA 64±13   

FOMETA CLINIC FIANQUEP 92±35 16,723 

  CSI REFERENCE 22±8 (1.1%) 

FOMOPEA CSI FOMOPEA 26±14 3,215 (0.8%) 

FONAKEUKEU CSI FONAKEUKEU 51±35 6,810 (0.7%) 

FONDONERA CSI FONDONERA 43±7 12,223 

  CSI NKA 53±12 (0.8%) 

FONGO-NDENG CSI FONGO-NDENG 59±15 10,019 

  CSIFOSSONG WENTCHENG 50±17 (1.1%) 

FONTSA TOUALA CSI FONTSA TOUALA 99±21 4,827 

  CSI FONTSEM LESSEM 33±12 (2.7%) 

FOTETSA CSI FOTETSA 44±4 6,780 

LATCHOUET CSI LATCHOUET 23±5 6,456 

  CSI BALEVONI 55±44 (1.2%) 

LEPOH CSI LEPOH 19±5 13,507 

  CSI KEKANG 21±4 (0.3%) 

LIGANG FOTO CSI LINGANG 25±11 7675 (0.3%) 

  CSI MAKA 65±8   

MAKA CSI BANKI 24±4 13,937 

  CSI LIKONG 15±6 (0.7%) 

  CSI BAFOU CHEFFERIE 68±20   



 22 

MBENG CSI ST LAURENT 78±20 26,451 

  CSI NTSINGBEU 36±9 (0.7%) 

  CSI FONGO-TONGO 89±20   

MBOUA CSI MEGUEU 12±9 16,036 

  CSI PASTEUR NZIFODA 29±9 (0.8%) 

MEKOUALE CSI MEKOUALE 28±11 11,695 

  CSI APOUH 28±11 (0.5%) 

NDOH CMA NDOH 214±74   
  CSI CTE nd 17,625 

  CSI TCHOUTSI nd (1.2%) 

NKEULI CSI  NKEULI 24±10 7,159 (0.3%) 

SITEU HOPITAL ST VINCENT 1914±310 20716 (9.2%) 

  District TOTAL 4,789±1,142 292,098 (1.6%) 

Greater urban Dschang TOTAL 3,235±594  112,280 (2.9%) 
Table 10: Administrative groupings within the Dschang Health District and average patient loads (± 1 

standard deviation) January to September, 2008 (the elevated population of greater urban Dschang 
reflects the overlap of the Fometa, Fotetsa, Maka’a and Nkeuli sub-districts with the greater urban boundary) 
 

 
Figure 8: Limited survey of existing health infrastructure 

 
In addition to those patients seeking professional medical attention, a significant number of 

affected individuals seek treatment for their illness directly from a network of official and 
unofficial pharmacies, resulting in a significant number of unreported incidences of water-
borne disease.  From a survey conducted on prescription sales for September through 
November, 2008 at the pharmacy Panka, it was found that 40% of pharmacy customers 
seeking treatment for water-borne illness are doing so without a prescription (Table 11).  The 
results from this survey and informal surveys of local pharmacists have been extrapolated to 
Dschang’s remaining pharmaceutical providers, generating a revised estimate of the monthly 
water-borne disease burden 
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Illness 
Typhoid 
Fever 

Amoebas/ 
enterobacteria 

Intestinal 
fungus Diarrhea 

Total water-
borne 

Drugs sold 

Ciprofloxacine, 
Thiobactin, 
Urobacid, 
Othocev 

Bactrim, Flagyl, 
Falgentyl, Fasigyne, 

Entamizole, 
Ciprozole/Tricosyn N 

Fungizone, 
Nysratine, 
Flucazole, 

Micozal/Phytoral 

Imodium 
(loperamide), 
Actapulgite, 

Enteral 

— 

No. with doctor's 
note (reported) 

16 13 15 7 51 

No. without note 
(unreported) 

19 10 4 1 34 

TOTAL 35 23 19 8 85 
% unreported 54.3% 43.5% 21.1% 12.5% 40.0% 

Table 11: Survey results of the pharmacy Panka with implication for unreported disease (collected 
September – November, 2008)  

 
Specifically, the pharmacy sector in Dschang is comprised of approximately 20 businesses, 

selling treatments for water-borne disease to approximately 85 customers per month per 
business for the 10 pharmacies nearest to the urban center, and 17 customers per month per 
business for those 10 located further away.  Of these 20 pharmacies, 5 are situated in the 
downtown district, where approximately 35% of customers are served without a doctor’s note 
(implying incidence of unreported illness).  The remaining 15 businesses are situated farther 
into the quartier, and here the fraction of customers arriving without a prescription is 
estimated at closer to 80%.  Taken together, the pharmacies account for an estimated 653 
unreported cases of water-borne disease per month (Table 12).        

 
As a final consideration, the discrepancy between the patient percentage of the population 

for the total Dschang health district and the greater urban Dschang sub-region can be used to 
generate a lower boundary estimate for the number of untreated illnesses occurring in the 
greater urban Dschang area.  Assuming that the 1.3% difference in the fractions of the rural 
versus urban populations reporting illness (Table 10) is due to the prevalence of lower 
household incomes in Dschang’s rural outskirts, a 1.3% positive correction has been applied 
to the population of greater urban Dschang residing in the lowest income bracket (Table 3) in 
order to generate a revised, monthly water-borne disease burden of 1,766±324, or 2.0% of the 
population (Table 12). 

 

 Reported  
Unreported 

clinics 
Unreported 
pharmacies  

Untreated 
estimate 

Total 
illness  

Typhoid Fever  182 52 309 45 588 
Helminthes/Parasites  532 152 55 1036 

Amoebic Dysentery  27 8 
298 

3 38 

Diarrhea/Gastroenteritis  42 12 46 4 104 

Total water borne  783 223 653 107 1,766 
Total all illness  3,370 960 3,290 346 7,966 
Table 12: Adjusted monthly water-borne disease burden, statistic-derived  

 

1.2.2.3 Contaminant exposure 
 

Though the statistic-derived estimates of monthly water borne disease reveal an affected 
1.5% of the population, the health risk calculated from the contamination of the Dschang 
water supply is estimated at a significantly higher level, with at-risk populations accounting 
for closer to ten times the number of reported cases.  Based on the distribution of total 



 24 

coliforms across the source categories presented in Figure 6, concentrations of Salmonella, 
Cryptosporidium, E Coli, Enterococci, and Giardia were extrapolated11.  Using a daily 
consumption value of 1 liter per person and the infective doses tabulated below (Table 13), 
the population at risk for water-borne disease can be estimated under various scenarios.  
Table 14 describes the health risk present under the (false) assumption that all water is 
consumed in its original state, revealing the risk inherent in the direct consumption of 
available water supplies.  Table 15 depicts the health risk present where water is treated 
according to current practices as summarized in Figure 7.  

 
 Infective dose (cfu per liter)   
Species minimum maximum average Disease infections/ cfu 

ENTEROCOCCI     10,000,000 Gastroenteritis 1.00E-07 c 

GIARDIA     10 Giardiasis 1.00E-01 c 

CRYPTOSPORIDIUM 1 10 6 Cryptosporidiosis 1.82E-01 c 

Salmonella spp. 100 1,000,000,000 500,000,050 Salmonellosis 2.00E-09 a 

Salmonella typhi     10 Typhoid fever 1.00E-01 b 

Salmonella typhi 15 20 18 Typhoid fever 5.71E-02 c 

SALMONELLA         5.24E-04 
E. Coli spp. 1,000,000 100,000,000 50,500,000 Gastroenteritis 1.98E-08 a 

Enterotoxigenic  100,000,000 10,000,000,000 5,050,000,000 Gastroenteritis 1.98E-10 c 

Enteropathogenic      1,000,000 infantile diarrhea 1.00E-06 c 

ECOLI         3.40E-07 
Table 13:  Infective doses used to approximate disease incidence due to contamination (sources: a Petridis 

et al, 2002; b Schmid-Hempel and Frank, 2007; c US FDA, 2008)12 

                                                 
11 Concentrations of total coliforms were extrapolated to E. Coli using a linear relationship established by 
Ndounla (2007; r2=0.98), while the E Coli values were used to generate the remaining species based on data 
published in the World Health Organization’s Water Quality Guidelines, chapter 7. 
12 Petridis, H., G. Kidder, A. Ogram. (2002). E. coli O157:H7 A Potential Health Concern. Fact sheet SL-146. 
Institute of Food and Agricultural Sciences: University of Florida 
   Schmid-Hempel, P., S. A. Frank. (2007).  Pathogenesis, Virulence, and Infective Dose.  PLoS Pathogens.  vol. 
3, issue 10, e147,  pp 1372-1373 
  US Food and Drug Administration. (2008). Food borne Pathogenic Microorganisms and Natural Toxins 
Handbook. Center for Food Safety and Applied Nutrition. www.cfsan.fda.gov   
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Daily health risk - No treatment  Consumers at risk for infection 

Source Type 
Number of 
consumers 

Daily % of 
consumers 

at risk  

Typhoid 
fever 

(proxied by 
Salmonella 
exposure) 

Parasites 
(proxied by 

Cryptosporidium) 

Gastroenteritis/ 
diarrhea (proxied 

by E. Coli and 
Enterococci) 

Amoebic 
dysentery 
(proxied by 

Giardia) 

Managed springs 16,078 1.1% 9 103 46 23 
Public wells  8,906 0.2% 1 11 5 2 

Private wells 4,180 1.8% 4 43 19 10 
Unmanaged 

springs 31,800 1.3% 20 240 108 54 
Untreated tap 

water 1,480 4.0% 3 34 15 8 
Treated tap water 23,000 0.0% 0 0 0 0 

Surface water 400 3.9% 1 9 4 2 
Bottled / rainwater 2,000 0.0% 0 0 0 0 

Totals  87,844 0.88% 37 439 198 99 
       

Monthly health risk  23,162 26.4%    
Table 14:  Health risk from exposure to observed drinking water contamination assuming no 

treatment 
 

Daily health risk - Existing treatment  Consumers at risk for infection 

Source Type 
Number of 
consumers 

Daily % of 
consumers 

at risk  

Typhoid 
fever 

(proxied by 
Salmonella 
exposure) 

Parasites 
(proxied by 

Cryptosporidium) 

Gastroenteritis/ 
diarrhea (proxied 

by E. Coli and 
Enterococci) 

Amoebic 
dysentery 
(proxied by 

Giardia) 

Managed springs 16,078 0.7% 5 62 28 14 
Public wells  8,906 0.1% 1 6 3 1 

Private wells 4,180 1.1% 2 26 12 6 
Unmanaged 

springs 31,800 0.8% 12 144 65 32 
Untreated tap 

water 1,480 2.4% 2 20 9 5 
Treated tap water 23,000 0.0% 0 0 0 0 

Surface water 400 2.3% 0 5 2 1 
Bottled / rainwater 2,000 0.0% 0 0 0 0 

Totals  87,844 0.53% 22 264 119 59 
       

Monthly health risk  13,948 15.9%    
Table 15: Disease burden from exposure to observed drinking water contamination considering 

current treatment practices 
 

1.2.2.4 Linking health risk to disease burden  
 

A comparison of the net monthly, disease specific, health risk to the monthly observed 
incidence of water-borne disease reveals discrepancies that in turn characterize the actual 
reported infection rates, while also raising the possibility of higher estimates for untreated 
illness or lower estimates for drinking water contamination.  However, for the purposes of 
this study and with the intent of establishing a standard health impact against which the 
effects of future treatment scenarios may be compared, we articulate the discrepancy between 
the exposure-derived health risk and the statistics-derived disease burden as corresponding to 
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the probability of contracting a given water-borne illness given exposure within the limits of 
a given infective dose.  Adopting this method we find that the combined probability of 
infection for those exposed to contaminated drinking water in Dschang is 12.7% (Table 16).   

 

Disease 
Probability of infection 

per exposure 
Typhoid Fever  88.4% 

Helminthes/Parasites  
Amoebic Dysentery  

11.1% 

Diarrhea/Gastroenteritis  2.9% 
TOTAL water-borne  12.7% 

Table 16: Probability of infection for Dschang residents exposed to an infective dose of select 
pathogenic organisms 

 

1.3 Summary 
 
Rephrasing the results of our health impact analysis in terms of average risk for the entire 

population of greater urban Dschang we find that every one of the 87,844 residents has a 24% 
probability of contracting a serious water-borne disease each year.  Of particular note, the 
infection rate by the more serious water borne disease of typhoid fever appears almost 
directly linked exposure to contaminated water supplies.  Furthermore, given the prevalence 
of many individuals, especially those in the lowest income brackets, to support mild to 
moderate cases of diarrhea and dysentery without treatment and the difficulties in estimating 
their numbers, this risk assessment could very well underestimate the true burden of water-
borne disease at Dschang. 
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Part II: Public perceptions - unsafe practices 
 

The high incidence of water-borne disease present in the Dschang population is in large part 
due to a pervasive ignorance of the causal factors.  The resulting unsafe practices can be 
traced primarily to a poor understanding of the very nature of drinking water quality and 
existence of microscopic pathogens, and of link between contaminated water/disease and 
fecal contamination by humans and livestock. 
   

2.1 Perceived “water quality” 
 
While a majority of the Dschang population has access to treated tap water and/or affordable 
home-based water treatment technologies, the fact that 38% of the approximately 30,000 
individuals living within 500 meters of an SNEC source (treated tap water) choose to drink 
contaminated, unmanaged spring water and 57% of the entire population consumes their 
drinking water without any home treatment whatsoever.  Informal surveys reveal that a 
majority of the population makes some distinction between water of potable and non-potable 
quality when selecting their drinking source.  However, these distinctions are primarily based 
on the type of source in question and the visual aesthetic of the water itself, and appear to be 
largely independent of the household level of income and education. 
 

While it is generally accepted that surface water, both standing and running, is not an 
acceptable drinking source, sources originating from groundwater are considered acceptable 
and even preferable to alternatives like treated tap water.  All springs, both unmanaged and 
managed are frequently consumed in their original state.  Well water is received largely in 
accordance with the outside appearance of the well and its water drawing mechanism.  In this 
way most private wells are considered as non-potable, but the majority of pump-equipped, 
public wells are considered to be of potable quality, especially with the added vote of 
confidence that is provided by the involvement in their construction of third parties like the 
Dschang municipality and local charities/NGOs. 

 
Spring water is considered by many residents to be of superior quality.  These judgments 

have no quantitative basis, but are rather arrived at through qualitative consideration of the 
waters’ clarity and (lack of) odor/taste.  It is this reliance on color and savor as a quality 
indicator that leads people to drink contaminated waters, and perhaps most importantly, leads 
them to reject the treated tap water provided by SNEC. 
 

2.1.1 SNEC consumer confidence  
 

In informal surveys of urban residents, there has been an overwhelming negative response 
by the population when asked about the quality and reliability of SNEC treated tap water.  
The SNEC distribution system consists of 81% cast iron pipes (the remainder is PVC plastic), 
the bulk of which were installed in 1957.  The age of the pipes combined with the oxidizing 
power of the chlorination treatment leads to a readily observed quantity of reddish brown 
suspended matter that rapidly settles out during prolonged storage.  This unfortunate color, 
combined with the mild chemical flavor due to the chlorine residual and periodic disruptions 
in service, has had a profoundly negative effect on the public perception of the SNEC service.     
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While a majority of approximately 50,000 people are estimated to live within 500m of an 

SNEC water source (57% of the population), only 19,000 (38% of the population) are 
estimated to avail themselves of SNEC water.  This estimate agrees well with the findings of 
a joint Dschang-ERA survey of 255 Dschang households, which found that 32.5% of 
respondents reported using SNEC sources for their drinking water needs.  While this 
prevalence for freely available source water might be partially due to monetary constraints, 
the direct purchase of 1,000 liters costs only 300 cfa ($0.60, €0.47) with a subscription, and 
third party resale prices provide a family with one to two days of drinking water for only 25 
cfa ($0.05, €0.04).  

 
The problem of poor perceptions regarding SNEC water also influences those subscribing to 

the service.  A joint Dschang-AIMF/ERA survey of 83 households subscribing to the SNEC 
service found that 4.8% of respondents chose to supply their drinking water needs with 
managed and unmanaged spring water, using their SNEC supply only for cleaning and other 
household chores.   

 

2.1.2 Understanding water treatment 
 
Anecdotal evidence speaks of individuals straining their SNEC tap water through 

homemade cotton filters, and as these filters are effective at removing the suspended matter 
responsible for the water’s discoloration, and the chlorinated water already carries no health 
risk, these filters gain a reputation as ameliorating contaminated water, despite a reported 
effectiveness (ineffectiveness) of only 76% (Figure 7), exemplifying the inadequate 
comprehension by Dschang residents of what constitutes an effective treatment method. 

 

2.1.2.1 Employing filtration-based treatments  
 
While filtration is commonly acknowledged as an effective and occasionally necessary 

treatment process, there is in information gap as regards the effective “straining size” of 
various filter media and the corresponding size of pathogens responsible for water-borne 
disease. Where filtration removes turbidity, it is assumed effective, though Figure 9 reveals 
the discrepancy between common pores sizes of some sand filters relative to selected 
pathogens, a discrepancy that only increases when considering additional treatments such as 
the highly porous cotton filter. 
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�
Figure 9: Filter media pore sizes and the size of microbial particles (with select microorganisms 

marked with numbers) 13  Key: RO – reverse osmosis; NF – nano filtration; UF – ultra filtration; MF – 
membrane filtration; BF/CF – bag and cartridge filters; GF  - granular filtration including slow (small pore) 
and rapid (large pore) sand filters.  2 – Rotavirus; 6 – Coliform bacteria; 7 – Cryptosporidium oocysts; 8 – 

Giardia cysts 
 

Furthermore, where certified filtration devices are employed, these are primarily effective 
only at removing bacteria and protozoa, leaving any concentration of viruses unchanged.  The 
need to introduce an additional anti-viral chemical treatment after filtration is largely 
unacknowledged by both the residents of Dschang and those engaged in studying water use. 

 
Where the Dschang municipality is engaged in integrating sand filtration into their spring 

capture systems, sand of inappropriate size has been used.  The effective size (ES) of a sand 
filtration media is a measure calculated from grain size analysis as the sieve size through 
which 10% of the media passes (D10).  Numerous studies have been performed on the 
effectiveness of water treatment with varying size, and the ideal range has been identified as 
falling between a D10 of 0.14 – 0.45mm with achievable coliform removal rates between 
99.6 and 99.0% respectively.14  

 
The uniformity coefficient is the second measure use to characterize the acceptability and 

effectiveness of a sand media.  The coefficient is calculated by taking the sieve size through 
which 60% of the media passes (D60) and dividing it by the D10.  The ideal range falls 
between 1.7 and 2.7 with a maximum advisable coefficient of three.15 

 
An examination of several sands characteristic of those used in the recent construction of 

municipal spring capture systems reveals a predominance of unsatisfactory grain sizes 
(Figure 10).  Of the seven samples analyzed, all fell within the acceptable range for effective 
size, but only two of the samples had an acceptable uniformity coefficient, and both of these 

                                                 
13 Figure from WHO (2003). Assessing microbial quality of drinking water, chapter 5. 
14 Ellis, K.V. (1987). Slow Sand Filtration, WEDC J. Developing World Water, vol. 2, pp 196-198 
   Muhammad, N.; Ellis, K.; Parr, J.; Smith, M.D (1996). Optimization of slow sand filtration. Reaching the 
unreached: challenges for the 21st century. 22nd WEDC Conference New Delhi, India, pp.283-285 
15 Ellis, K.V. (1987). Slow Sand Filtration, WEDC J. Developing World Water, vol. 2, pp 196-198 
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sands where near the extremes of acceptable values where treatment efficiency has been 
observed to decrease slightly16. 

Figure 10: Grain size analysis of some commonly available Dschang sands, displaying effective size 
(D10) and uniformity coefficient (D60/D10) 

 

2.2 Livestock and sanitation 
 

Popular practices regarding the raising of livestock and management of human and 
household wastes reveal additional knowledge gaps regarding the link between poor 
sanitation practices and the incidence of water-borne disease.  Studies performed in the 
Dschang area have shown that both human and animal waste contain significant 
concentrations of pathogenic organisms.  This contamination works in concert with current 
practices that leave water sources highly susceptible to fecal contamination, compounding the 
problem of water-borne disease at Dschang. 

 

2.2.1 Pathogenic contamination of fecal waste at Ds chang 
 

Human and animal wastes studied at Dschang reveal infestation by bacterial and parasitic 
zoonoses, both of which can be responsible for a variety of water-borne disease (see Table 7).  
Bacterial contamination of high prevalence and intensity has been observed in the feces of the 
African dwarf goat17, one of the more common domesticated species kept by Dschang 
residents.  In a study of 100 goats, 100% were found to be infected with E. Coli, a leading 

                                                 
16 Muhammad, N.; Ellis, K.; Parr, J.; Smith, M.D (1996). Optimization of slow sand filtration. Reaching the 
unreached: challenges for the 21st century. 22nd WEDC Conference New Delhi, India, pp.283-285 
17 Mbombo H. (2002).  A survey of fecal microbial flora of the w African dwarf goat (capra reversa) in 
Dschang, Cameroon.  Masters Thesis submitted to the Department of Animal Biology, University of Dschang. 
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cause of gastroenteritis in humans, and 43% were contaminated with Salmonella, the species 
responsible for typhoid fever (Table 17). 

 
Level of contamination 

Species 

% Dwarf goats 
reporting positive 

n=100 Heavy Moderate  Mild 
E Coli 100 X     

Eimeria - coccides 76   X   
Candida albicans 51.2   X   

Salmonella 43.2 x x   
Mucor 33.6     x 

Enterobacter 12.4 x x   
Pseudomonas 10 x x   

Proteus 8.8 X x   
Rhizopus 2 x x   

Table 17: Infection of dwarf goats in Dschang by bacterial zoonoses (adapted from Djeutchouang, 2002) 
 

A study conducted in 200218 on the fecal matter of domestic chickens, goats, pigs, dogs 
found that zoonotic infection was prevalent across a variety of species (Table 18).  Infestation 
by Nematode species was predominant (57.1% testing positive), followed by Cestodes 
(21.4%), Trematodes (14.3%) and various Protozoa (7.1%).   
 

 Groups tested (% reporting positive) 

PARISITE 
Chickens 

n=110 
Goats 
n=42 

Pigs 
n=63 

Dogs 
n=45 

Humans 
n=173 

Protozoa            
Coccides 4.55 73.8 30.15     

Trematodes            
Fasciolopsis     3.17     

Dicrocoelium   7.14       
Cestodes            
Dipylidium       6.66   
Raillietina 8.18         

Ymenolepis 1.81         
Nematodes            

Ancylostoma     11.11 86.67 4.46 
Trichuris       6.66 8.09 
Ascarsis     25.39 20 15.02 

Capillaria 34.54 2.38   6.66   
Strongyloides 0.9 7.14 41.26   0.57 

Oesophagostomum   11.9 58.73     
Toxocara       35.35   

Trichostrongylus 2.72 11.9       
 Table 18: Zoonotic contamination of human and animal fecal matter (adapted from Keambou, 2002) 

 
Further analysis of the incidence of zoonotic contamination in the feces of individual 

participants, both livestock owners and non-owners, reveals that while pig and dog owners 
were more likely to be infected by Ascarsis and Ascarsis plus Strongyloides respectively, 

                                                 
18 Keambou, C. (2002).  Inventaire des genres parasitaires gastrointestinaux a potentiel zoonosiques des homes 
et des animaux domestiques à Dschang (Ouest-Cameroon).  Masters Thesis submitted to the Department of 
Animal Biology, University of Dschang. 
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Anclyostoma and Trichuris bearers were infected indiscriminate of whether they kept animals 
(Table 19).  The Keambou (2002) study also revealed that age is not a significant risk factor, 
i.e. all ages are equally susceptible to infection; but that place of residence does play a role, 
with residents of Valleé, Madagascar, and Foto exhibiting significantly (95% confidence)  
higher infestation rates.  Residents of Valleé uniquely exhibited significantly higher rates of 
infection by Trichuris and Ascarsis than observed in their animals. 

 
 Humans tested (% reporting positive) 

Nematodes  

Chicken 
owners 

n=39 

Goat 
owners 

n=24 

Pig 
owners 

n=29 

Dog 
owners 

n=53 

No 
animals 

n= 83 
Anclyostoma   4.16 6.89 5.67 2.4 

Trichuris   4.16 6.89 9.43 8.43 
Ascarsis 7.69 4.16 34.48 13.2 10.84 

Table 19:  Zoonotic infestation in populations according to corresponding animal domestication 
(adapted from Keambou, 2002)�

 

2.2.1.1 Livestock and water contamination 
 
This disconnect from the actual raising of animals carrying pathogens and the incidence of 

human infestation reveals the mobility of these parasites in water and their ability to infect 
portions of the population otherwise isolated from sources of contamination by transfer 
through groundwater.  In this way the poor practices of one subset of the population have the 
capability of contaminating the drinking water supply of an entire community. 

 
Furthermore, once a human segment of the population is infected, the possibility of 

spreading contamination through private septic systems is enhanced.  A survey of 251 
households by the joint Dschang-ERA/AIMF study revealed that 70% of respondents utilize 
rustic, unlined latrines of insufficient depth.  These latrines are particularly prone to seepage 
and can easily contaminate groundwater and hence local drinking water supplies.�
�

2.2.1.2 Addressing improper waste management  
 

An additional risk factor for the contamination of drinking water supplies is the poor 
management of household wastes of non-fecal origin.  While the city of Dschang (partnered 
with the AIMF and city of Nantes, France) has been engaged in a massive, ongoing 
refurbishment of the trash collection system since 2006, spontaneous illegal dumping 
continues to be prevalent in many of the more densely populated neighborhoods.  These illicit 
dumps are breeding grounds for rats, and help the spread of various fecal-borne pathogens 
that can readily enter the local water supply.  A 2002 study of the fecal matter of rats located 
both in the urban and rural zones of Dschang revealed extensive contamination by parasitic 
zoonoses.19  The pathogenic species observed include Strongyloides and Trichuris among 
others, and notably higher prevalence (from 18 to 334%) was observed for all species in rats 
taken from the urban region where the problem of illegal dumping is most problematic. 

 

                                                 
19 Djeutchouang, C. (2002).  Inluence de l’urbanisation sur les helminthoses gastro-intestinale du rat de gambie 
(Cricetomys gambianus) à Ddschang dans l’Ouest-Cameroon. Masters Thesis submitted to the Department of 
Animal Biology, University of Dschang. 
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2.3 Impediments to sustainable management 
 
At the heart of Dschang’s insufficient access to potable water supplies is a local incapacity 
for sustainable management of past and current constructed water access points.  While the 
municipality has been actively engaged with local NGO’s such as the Integrated Project for 
the Promotion of Auto-Development (PIPAD), community scale organization for the 
management of public infrastructure remains an underutilized approach in the supply of 
potable drinking supplies and prevention of water borne disease at Dschang.  Where 
collective action is undertaken by community members, collaboration remains based on 
informal agreements between small groups of immediate neighbors; and even in cases such 
as these the long term sustainability of projects remains uncertain. 
 

Past efforts in the development of the water supply sector have focused on one-time 
investments in the construction of physical infrastructures with little to no provision for their 
long-term maintenance and management.  Past foreign investment has been particularly 
characterized by this omission, and even major construction projects fall into disrepair after 
two to three years.  The large number of now defunct constructed water points bears 
testament to the endemic lack of upkeep (Figure 11).  Without the adoption of measures for 
the delegation of the responsibility and provision for the costs of maintenance, foreign 
sponsored development in the public sector affects little if any lasting change. 

 

 
Figure 11: Limited survey of non-functioning water points 

 
In best case scenarios where long term funding provisions are considered, too often the 

responsibility for a project’s long term upkeep is delegated to third party institutions 
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operating outside of the immediately affected community.  Ultimately the vagaries of 
fluctuating budgets and priorities for these organizations undermine the guarantee of long 
term sustainability initially envisioned. 

 

2.4 Summary 
 
The prevalence of parasitic infestation in humans and animals at Dschang highlights the 

risks imposed by the current, poor management practices and the incomplete perceptions of 
health and sanitation from which they derive.  The practices of free-ranging livestock in even 
densely populated neighborhoods, leaving water sources unprotected, and allowing illegally 
dumped wastes to accumulate in public spaces encourage the spread of infectious zoonoses 
and their introduction into local drinking water supplies.  Furthermore, despite the pandemic 
prevalence for drinking water contamination and its proven link to disease, a discouragingly 
low fraction of the population appears to be employing adequate home-based water treatment 
methods, and where public structures are in place, they too appear to be either largely 
inadequate or else doomed to a drastically short lifespan for lack of community level 
organization and funding towards their maintenance and upkeep. 

 


